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(54) Apparatus for and method of imaging 

(57) A frame (A) of an imaging device such as a CT 
scanner or an MRI device has a bore defining a patient 
examination region (12). A first x-ray source (B) is 
mounted to a frame (C) for rotation around the exami- 
nation region (12). An arc of first radiation detectors (14) 
detects x-rays which have traversed the examination re- 
gion. A first image reconstruction processor (18) recon- 
structs a tomographic image representation from sig- 
nals generated by the first radiation detectors. A fluor- 
oscopy device (D) is mechanically coupled to the diag- 
nostic scanner for generating and displaying at least 
substantially real-time fluoroscopic projection image 



representations on a display monitor (78). A second x- 
ray source (32) transmits x-rays to an amorphous silicon 
flat panel radiation detector (36). A second image re- 
construction processor reconstructs the fluoroscopic 
projection image representations from signals generat- 
ed by the flat panel radiation detector (36). A C-arm (30) 
supports the second x-ray source (32) and the flat panel 
radiation detector (36) in a plane offset from a plane of 
the G-arm. A movable mounting structure (E) is me- 
chanically connected v\^ith the gantry (A) and the C-arm 
(30) to move the C-arm between a stored position and 
an operating position adjacent the bore. 
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Description 

[0001] The present invention relates to imaging, es- 
pecially for medical diagnosis. It finds particular appli- 
cation in conjunction with a diagnostic imaging device 
such as a computerized tomographic (CT) scanner and 
a Magnetic Resonance Imaging (MRI) apparatus, which 
includes a fluoro-assist device, and will be described 
with particular reference thereto. However, it should be 
appreciated that the present Invention may also find ap- 
plication in conjunction with other multi-modality medi- 
cal imaging systems such as nuclear medicine scan- 
ners, etc. where a fluoro-asslst device may be useful. 
[0002] When performing minimally invasive or certain 
Interventional procedures such as abscess drainages, 
CT arterial portography, TIPS, and catheter placement 
for organ assessment, catheters are typically placed or 
positioned In a patient in a fluoroscopy room or suite. 
The patient, with the catheter in place, Is then moved to 
a CT suite where the procedure is then performed. 
[0003] A number of disadvantages exist when moving 
a patient between a fluoroscopy suite and a CT suite. 
For instance, the danger exists that the catheter may 
move or shift within the patient during transport from the 
fluoroscopy suite to the CT suite. Further, the scheduling 
and availability of both suites can be complicated In oth- 
er cases, when a lesion Is diagnosed during a CT pro- 
cedure, the patient must then be rescheduled for a nee- 
dle biopsy, or the biopsy is performed with the CT scan- 
ner alone, which is complicated and takes a long time 
to perform. 

[0004] It Is known to use a mobile C-arm fluoroscopy 
device to provide fluoro images during interventional 
procedures performed in a CT suite. However, mobile 
C-ann fluoroscopy devices are not always available 
when needed. In addition, known C-arm fluoroscopy de- 
vices, including mobile C-arm fluoroscopy devices, use 
large, cylindrical image intensifier tubes which are diffi- 
cult to manoeuver and position adjacent a CT gantry. 
[0005] Further, the interventionalist must stand be- 
side the image intensifier tube to access the patient dur- 
ing an interventional procedure, which may be an awk- 
ward position for the interventionalist and which also in- 
creases the radiation dose to the interventionalist. It is 
also known that image intensifier tubes tend to introduce 
image distortion due to the glass curvature and magnet- 
ic effects. Present mobile C-arms are big and bulky, and 
because of their size, they are difficult to store, and are 
typically in the way when not in use. 
[0006] It is known to use a CT system to provide a 
fluoro image for interventional work. However, using the 
CT system for fluoro imaging requires a physician to 
work on the patient in the bore of the CT gantry which 
is awkward for the physician, and which generates a sig- 
nificantly higher radiation dose to both the patient and 
the surgeon. Further, the CT system can only produce 
fluoro images which are in the same plane as the CT 
system. 



[0007] It is also known to rotate, pivot, or swing a com- 
mon patient support between a CT scanner and an an- 
giographic (i.e.. fluorospic) unit. However, the patient Is 
still moved when the patient support is rotated between 
s the two pieces of diagnostic equipment. In addition, link- 
ing a separate CT scanner with an angiographic unit via 
a common, rotatabie, patient support is an expensive 
alternate solution. 

[0008] In accordance with one aspect of the present 
10 Invention, a diagnostic imaging apparatus is disclosed. 
The diagnostic imaging apparatus includes a frame de- 
fining an examination region, a diagnostic imaging sub- 
system for generating a first diagnostic image represen- 
tation of an object when the object is positioned within 
15 the examination region, and a patient support adapted 
for movement through the examination region. The di- 
agnostic imaging apparatus further includes a fluoro- 
scopic imaging subsystem mechanically coupled to the 
frame, a flat panel Image receptor which detects x-rays 
20 and generates signals indicative of the detected x-rays, 
and an image reconstruction processor for generating 
a substantially real time diagnostic image representa- 
tion from the signals generated by the flat panel image 
receptor. 

2S [0009] Ways of carrying out the invention will now be 
described in detail, by way of example, with reference 
to the accompanying drawings. In which: 

Figure 1 is a perspective view of an exemplary di- 
30 agnostic imaging device such as a CT scanner or a 
Magnetic Resonance Imaging (MRI) apparatus 
having an integrated fluoro-assist device with a C- 
arm shown in an operating position; 

35 Figure 2 is a perspective view of the CT scanner of 
Figure 1 with the C-arm shown in a stored position 
adjacent the CT gantry: 

Figure 3 is a perspective view of the C-arm of Fig- 
40 ures 1 and 2; 

Figure 4 is a perspective of the CT scanner of Figure 
1 showing a C-arm take-upAension control system; 

45 Figure 5 is a cross section view of the C-arm taken 
along the line 5-5 of Figure 3; 

Figure 6 is a top plan view of an image detector 
housing mounted to the C-arm; 

so 

Figure 7 is a perspective view of a second embod- 
iment of an integrated fluoro-assist device having a 
C-arm mounted to an overhead track; 

55 Figure 8 is a perspective view of a CT scanner with 
the overhead C-arm of Figure 7 positioned in front 
of the CT gantry; 
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so 
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Figure 9 is a perspective view of a CT scanner with 
the overhead C-arm of Figure 7 positioned behind 
the CT gantry; 

Figure 10 is a perspective view of a third embodi- s 
ment of an integrated fluoro-assist device having an 
annular support ring mounted to an overhead track; 

Figure 11 is a perspective view of a CT scanner with 
the annular support ring of Figure 10 positioned 
within the CT bore from behind the gantry; 

Figure 1 2 is a side elevation view of the integrated 
CT-fluoro-assist scanner of Figure 11 ; 

15 

Figure 1 3 is a perspective view of a CT scanner hav- 
ing separate fluoroscopic and CT x-ray sources 
mounted within the gantry and incorporating an in- 
tegrated fluoro-assist device having an annular ring 
mounted to an overhead track for supporting a flat 20 
panel fluoroscopic detector within a bore of the CT 
scanner; 

Figure 1 4 is a side elevation view of the integrated 
CT-fluoro-assist scanner of Figure 1 3; 25 

Figure 1 5 is a perspective view of a CT scanner hav- 
ing an integrated fluoroscopic/CT x-ray source 
mounted within the gantry and incorporating an in- 
tegrated fluoro-assist device having an annular ring 30 
mounted to an overhead track for supporting a flat 
panel fluoroscopic detector within the bore of a CT 
scanner; 

Figure 1 6 is a side elevation view of the integrated 3S 
CT-fluoro-assist scanner of Figure 15; 

Figure 1 7 is a perspective view of a CT scanner in- 
corporating a sixth embodiment of an integrated 
fluoro-assist device with a track-mounted support 40 
arm positioned for fluoroscopic imaging in a coronal 

plane; 

Figure 18 is a perspective view of the CT scanner 
of Figu re 1 7 with the track-mounted support arm po- 
sitloned for fluoroscopic Imaging in a sagittal plane; 

Figure 1 9 is a perspective view of a CT scanner in- 
corporating a seventh embodiment of an integrated 
fluoro-assist device; 

Figure 20 is a perspective view of an eighth embod- 
iment of a fluoro-assist device; and 

Figure 21 is a side elevation view of the Magnetic 55 
Resonance Imaging (MRl) apparatus of Figure 1 
with the C-arm shown in the operating position. 
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[0010] With reference to Figures 1 and 2. an exem- 
plary diagnostic imaging system 2, such as a CT scan- 
ner 4, includes a floor-mounted, non-rotating frame 
member or gantry A whose position remains fixed dur- 
ing data collection. An x-ray tube B is rotatably mounted 
on a rotating frame member or gantry C. The stationary 
gantry A includes a cylinder 10 that defines a patient 
examination region 12. An array of radiation detectors 
14 are disposed concentrically around the patient re- 
ceiving region. In the illustrated embodiment, the x-ray 
detectors are mounted on the stationary gantry portion 
such that an arc segment of the detectors receives ra- 
diation from the x-ray tube B which has traversed the 
examination region 12. Alternatively, an arc segment of 
radiation detectors can be mounted to the rotating gan- 
try to rotate with the x-ray tube. The x-ray tube B and 
radiation detectors 14 comprise a diagnostic imaging 
subsystem of the diagnostic scanner. 
[0011] A control console 16 contains an image recon- 
struction processor 18 for reconstructing an image rep- 
resentation out of signals from the detector array 14. 
Preferably, the image reconstruction processor recon- 
structs a volumetric image representation from radiation 
attenuation data taken along a spiral path through the 
patient. A video monitor 20 converts selectable portions 
of the reconstructed volumetric image representation in- 
to a two-dimensional human-readable display. The con- 
sole 16 includes tape and disk recording devices for ar- 
chiving image representations, and also includes circuit- 
ry for performing image enhancements, selecting 
planes, 3D renderings, or colour enhancements, and 
the like. Various scanner control functions such as initi- 
ating a scan, selecting among different types of scans, 
calibrating the system, and the like, are also performed 
at the control console 1 6. 

[0012] The x-ray tube B includes an oil filled housing 
that has an x-ray permeable window directed toward the 
patient receiving region. An evacuated envelope is dis- 
posed within the housing and contains a rotating anode, 
such as a 7-inch anode, and a cathode or other electron 
source. High voltages, on the order of 150kV applied 
between the rotating anode and the cathode, cause the 
generation of x-rays. The x-rays pass through the x-ray 
permeable window and across the patient receiving re- 
gion 12. 

[0013] Appropriate x-ray collimators 22 focus the ra- 
diation into one or more planar beams which span the 
examination regbn 12, as is conventional in the art. The 
console 16 includes circuitry for gating the x-ray source 
B to control patient dosage. A high voltage power supply 
is mounted on the rotating gantry for rotation with the x- 
ray tube. 

[0014] A fixed patient table 24 is positioned adjacent 
the diagnostic scanner so as to extend from the exam- 
ination region 12 in a first direction substantially along 
a central axis of the cylinder 10. A patient beam 26 is 
secured to an upper surface of the patient table 24. A 
patient couch 28 is slidably secured to the patient beam 
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26 for back and forth movement through the examina- 
tion region 12 along the beam 26. It should be appreci- 
ated that at least the patient couch can be configured to 
pan laterally relative to a longitudinal axis of the gantry 
bore. The table 24, beam 26, and couch 28, cooperate 
to define a patient support which is adapted for move- 
ment through the examination region. 
[0015] An integrated fluoroscopy or fluoro-assist de- 
vice D is secured to the gantry A for movement between 
an operating position (Fig. 1 ) and a stored position (Fig. 
2). The fluoro-assist device includes a support member 
that is movably secured to either side of the gantry A via 
a mounting structure E. In the embodiment being de- 
scribed, the support member is a C-arm 30. 
[0016] A fluoroscopic x-ray source or tube 32 Is se- 
cured proximate a first end of the C-arm 30 via a canti- 
levered support bracket 34. Likewise, an opposing x-ray 
detector 36 is secured proximate a second end of the 
C-arm 30 via a cantilevered support bracket 38. An up- 
per counterweight 39a extends from the first end of the 
C-arm and a lower counterweight 39b extends from the 
second end of the C-arm. The x-ray source 32 and de- 
tector 36 cooperate to define a fluoroscopic imaging 
subsystem of the diagnostic scanner. 
[0017] In the embodiment being described, the 
mounting structure E includes a first link or support arm 
40 having one end pivotally secured to the gantry A and 
the other end pivotally secured to a second link or sup- 
port arm 42. A first upright support arm 44 is movably 
secured to the second arm 42 for substantial horizontal 
movement along a track 46 associated with the second 
arm 42. A second upright support arm 48 Is movably 
secured to the first upright support arm 44 for substantial 
vertical movement along a common longitudinal axis of 
the upright support arms 44, 48. The C-arm 30 Is rotat- 
ably supported by a bearing assembly 50 associated 
with the second upright support arm 48 which permits 
the x-ray source 32 and detector 36 to rotate about a 
geometric centre of the C-arm through an arc of at least 
ISC. 

[0018] The mounting structure E permits the C-arm to 
be conveniently stored or parked along the side of the 
gantry when not in use, and, when needed, to be posi- 
tioned In front of the gantry with the x-ray source 32 
placed directly under the patient table. In particular, the 
first support arm 40 pivots approximately 180*" around 
the gantry when moving the C-arm between the stored 
position and the operating position. Further, the second 
support arm 42 pivots approximately 90° around the first 
support arm 40 when moving the C-arm between the 
stored position and the operating position. However, it 
should be appreciated that the C-arm can be mounted 
to any other part of the gantry. 

[0019] The bearing assembly 50 permits the C-amri 
30, and thus the x-ray source 32 and detector 36, to be 
rotated around a bngitudinal axis of the patient from the 
"under table" position shown in Figure 1 . to a lateral po- 
sition on either side of the patient table. This provides a 



±90°, or any angle In-between, movement of the x-ray 
source 32 and detector 36 from the "under table" posi- 
tion to provide lateral imaging from both sides of the pa- 
tient. 

5 [0020] The C-arm 30 moves vertically as the second 
upright support arm 48 telescopically extends and re- 
tracts vIs-a-vis the first upright support arm 44 to permit 
easier access to the patient and to adjust Image magni- 
fication. The C-ann also moves laterally across the pa- 
10 tient with the first and second upright support arms 44, 
48 vis-a-vis the track 46 to allow lateral Image panning 
across a patient's body Longitudinal Image panning (i. 
e. along a patient's body) is accomplished by automat- 
ically or manually driving the patient couch 28 in either 
75 or both directions along the rail 26. It should be appre- 
ciated that the bearing assembly 50 could permit the 
plane of the C-arm to rotate or tilt from an orientation 
normal to an axis of the patient support (e.g. to a position 
with the x-ray source 32 over the patient table and the 
detector 36 under the patient table). Thus, an operating 
position of the flat panel image detector is broadly de- 
fined herein as any position or orientation (i.e. above, 
below, adjacent, etc.) of the detector 36 relative to the 
patient support without regard to the position of the de- 
tector relative to the gantry bore (i.e., within the bore or 
proximate the bore). The stored position of the detector 
36 is defined as a position which Is remote from at least 
one of the patient support and the gantry bore. 
[0021] Referring now to Figure 3, the x-ray source 32 
and the detector 36, and more particularly a centreline 
51 of the imaging system, is offset a distance F from a 
plane of the C-arm by the cantilevered support brackets 
34, 38. A fluoroscopic examination region Is defined be- 
tween the x-ray source and detector substantially along 
the centreline 51. By offsetting the x-ray source and de- 
tector offset from the C-arm, interference caused by the 
C-arm during interventional procedures Is minimized. 
[0022] The centreline 51 of the imaging system inter- 
sects with the orbit axis G of the C-arm. As a result, both 
the geometric centre of the C-arm 30 and the Imaging 
system centreline 51 are positioned at iso-centre during 
a fluoroscopic imaging procedure. The imaging system 
centreline 51 rotates around, but does not shift laterally 
relative to, iso-centre when the C-arm is orbited. 
[0023] In contrast, with known C-arm systems, the 
centreline of the imaging system is laterally offset from 
the orbit axis of the C-arm. During an imaging proce- 
dure, the centreline of the imaging system is positioned 
at iso-centre and the orbit axis of the known C-arm is 
laterally offset from iso-centre. When the known C-arm 
is rotated about its orbit axis, the imaging system cen- 
treline shifts off iso-centre. Thus, In order to maintain the 
imaging system centreline at iso-centre when a known 
C-arm system is orbited, the whole C-arm must be lat- 
erally repositioned In addition to being orbited. 
[0024] Referring now to Figu res 4 and 5, a cable take- 
up/tension control system F for the C-arm 30 is shown. 
It should be appreciated that the C-arm is shown with 
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one or more protective covers removed. One or more 
data/power cables 52 connect the x-ray source 32 and 
detector 36 to a fluoro-image reconstruction computer 
54 and power supply 56 housed in a cabinet 58 which 
is mounted to the side of the gantry. A first hose anchor 
60 secures an intermediate portion of the cable 52 to 
the cabinet 58. A second hose anchor 62 secures an- 
other intermediate portion of the cable to the upper end 
of the C-arm. A cable guide 64 is positioned on or above 
the second upright support arm 48 proximate the bear- 
ing assembly 50. The cable guide includes an aperture 
through which the cable 52 slidably passes. The portion 
of the cable 52 extending between the cable guide 64 
and the first anchor 60 forms a variable length service 
loop 66. A portion of the cable 52 extending between 
the cable guide 64 and the second anchor 62 rests at 
least partially within an open channel 68 defined within 
an exterior surface of the C-arm. When the C-arm is ro- 
tated in a clockwise direction from the upright position 
shown in Figure 4, a portion of the cable 52 resting within 
the channel 68 passes through the cable guide 64 and 
is taken up by the service loop 66. Likewise, when the 
C-arm is rotated in a counter-clockwise direction, a por- 
tion of the cable 52 defining the service loop 66 passes 
through the cable guide 64 and is guided into the chan- 
nel 68. 

[0025] A portion of the cable 52 extending past the 
second anchor 62 wraps around the upper counter- 
weight 39a and passes through one or more closed 
channels 70 forming an inner portion of the C-arm 30. 
A portion of the cable 52 within the C-arm channels 70 
pass through the support arms 34, 38 to connect to the 
x-ray source 32 and detector 36, respectively. 
[0026] Referring now to Figure 6, the detector 36 in- 
cludes a housing 72 which supports a flat panel image 
receptor or array 74 (shown in phantom) of individual 
image receptors. A "flat panel image receptor" as used 
herein includes a planar substrate such as glass lami- 
nated with an array of sensors such as amorphous sili- 
con crystals that convert x-ray energy to electrical sig- 
nals. That is, the sensors emit an electronic potential 
when struck by photons of x-ray energy. The intensity 
of the potential is related to the intensity of the x-ray 
beam. The electrical signals can be read out from a row/ 
column matrix and then converted to digital data. 
[0027] In the embodiment being described, an amor- 
phous silicon flat panel image receptor includes a Cesi- 
um Iodide scintillating layer on an amorphous silicon 
glass substrate. The scintillating layer converts x-ray en- 
ergy into light. An array of photodiodes on the glass sub- 
strate convert the light into electrical signals. The elec- 
trical signals are readout of a row/column matrix that is 
accessed using thin film transistor switches on the 
amorphous silicon substrate. The analog data is then 
converted to a digital format. 

[0028] The amorphous silicon flat panel image recep- 
tor is compact in size and weight and replaces the con- 
ventional image intensifier tube, thus reducing the size 



of the detector 36. The mechanical support (i.e. support 
arm 38) for the detector 36 is also reduced in size and 
weight. Further, the flat panel image receptor 74 pro- 
vides a rectangular innage, eliminates the distortion of 
5 an image common to conventional image intensifier 
tubes, and provides constant image quality across the 
flat panel of the image receptor, thus minimizing the 
amount of panning typically required with conventional 
image intensifier tubes. It should be appreciated that the 
10 flat panel image receptor can be of any dimension such 
as 20cm x 25cm, and the system can be easily upgraded 
to incorporate larger flat panel image receptors. It is con- 
templated that a fluoro-assist device having a conven- 
tional image intensifier or alternate technology can be 
IS mechanically coupled to an imaging system in the same 
or similar manner as described above. 
[0029] The housing 72 includes two handles integrally 
formed therein. A first control panel 76a is mounted at 
one end ot the housing 72 adjacent one handle, and a 
20 second control panel 76b is mounted on the opposite 
end of the housing adjacent the other handle. Depend- 
ing upon the particular orientation of the C-arm, either 
control panel 76a, 76b can be used to adjust the position 
(i.e. rotate) the C-arm, depending upon which control 
2B panel is most accessible to the operator. 

[0030] When the C-arm 30, and thus the x-ray source 
32 and detector 36, is rotated to a lateral position on 
either side of the patient table, a physician performing 
an interventional procedure may position himself/her- 
30 self behind the offset detector housing 72 to prevent di- 
rect exposure to the x-ray beam generated by the 
source 32, and to reduce exposure due to scattered ra- 
diation. The flat panel image receptor 74 may incorpo- 
rate a lead shielding layer or other radiation absorbing 
35 material therein to minimize radiation exposure to the 
medical personnel. Alternatively, a lead shield may be 
incorporated into the housing 72. 
[0031] As described above, the flat panel image re- 
ceptor 74 within the housing 72 is coupled to the fluoro- 
40 image processing computer 54 housed in the cabinet 58 
mounted to the side of the gantry. The fluoro-image 
processing computer 54 processes the acquired image 
from the detector 36 and permits an operator to adjust 
window and level functions of the displayed image. The 
45 fluoro-image generated by the fluoro-image reconstruc- 
tion computer is displayed on an adjustable monitor 78 
(Figs. 1 and 2) connected to the gantry via a lateral sup- 
port arm 80. Alternatively, the monitor 78 can be sus- 
pended from the ceiling, or located on a cart. The mon- 
so itor 78 can be either a flat panel monitor or a standard 
CRT monitor. In addition, the fluoro-image output could 
go directly to a filming device. The fluoro-innage output 
could also go to the diagnostic system and be displayed 
with the volumetric images on the display 20. 
55 [0032] The fluoro-assist device D may be activated 
and deactivated with a foot pedal 82 (Fig. 1) in a con- 
ventional manner. When activated, the fluoro exposure 
can be either continuous or pulsed. In the pulsed mode. 
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radiography procedures can be performed, such as 
CINE, Spot Film and DSA, thereby generating radio- 
graphic image representations. The x-ray source 32 can 
be gated on and off in the pulsed mode using a conven- 
tional grid control circuitry or a pulse fluoro high-voltage 
power supply. 

[0033] Referring now to Figures 7-9, the C-arm can 
be a stand-alone device which is mounted near the gan- 
try and which provides the same functions described 
above. In particular, a C-arm 90 is suspended from a 
ceiling via a mounting structure such as an overhead 
track system G including first rails 92. and transverse 
rails 94 which are movable along the first rails 92. A trol- 
ley 96 is movably secured to the transverse rails 94 in 
directions transverse to the rails 92. A telescopic sup- 
port arm 98 extends from the trolley 96. A cantilevered 
beam 1 00 extends from the telescopic arm 98 to support 
the C-arm 90. To reduce the torque applied to the beam 
100, the C-arm is secured to an upwardly angled end 
portion 102 of the beam 100 which reduces the separa- 
tion between the C-arm and the telescopic arm 98. 
[0034] A fluoroscopic x-ray source or tube 104 is se- 
cured to an upper free end of the C-arm 90, and an op- 
posing x-ray detector 106 is secured to the lower free 
end of the C-arm 90. As stated above, the x-ray source 
104 can include a fixed or rotating anode x-ray tube with 
an integral or separate high voltage supply, and the de- 
tector 106 includes an amorphous silicon fiat panel im- 
age receptor or array 108 

[0035] As shown in Figure 8, the overhead track sys- 
tem G is oriented above the diagnostic scanner so that 
the C-arm 90 may be positioned in a stored position re- 
mote from the gantry, and positioned in an operating po- 
sition between the patient table 24 and the front of the 
gantry A. In particular, the C-arm 90 may be positioned 
with the detector 106 substantially adjacent the patient 
rail 26 so that the patient couch 28 may be driven be- 
tween the x-ray source 104 and the detector 106. Alter- 
natively, as shown in Figure 5, the C-arm 90 may be 
positioned in an operating position adjacent the rear of 
the gantry A so that the patient couch 28 must be driven 
through the bore of the gantry before passing between 
the x-ray source 104 and the detector 106. 
[0036] Referring now to Figures 10-12, a support 
member such as a ring 110 is suspended from amount- 
ing structure such as an overhead track system H which 
includes parallel rails 112 and a trolley 114 movably se- 
cured to the rails 112. A support arm 116 is suspended 
from the trolley 114. The support ring 110 is secured to 
a cantilevered lower portion of the support arm 116. The 
support ring 110 defines a tapered, annular side wall 
having a first diameter at an end edge 118. and a second 
diameter greater than the first diameter, at an opposing 
end edge 120. 

[0037] A fluoroscopic x-ray source or tube 122 is se- 
cured to an upper portion of the support ring 110 adja- 
cent the end edge 120. An angled support 124 is se- 
cured to a lower portion of the support ring 110 adjacent 



the end edge 120. An amorphous silicon flat panel de- 
tector 126 is secured to a planar surface of the support 
124 substantially beneath the x-ray source 122. 
[0038] The overhead track system H is oriented 
s above the diagnostic scanner so that the support ring 
110 can be positioned in a stored position remote from 
the gantry and in an operating position at least partially 
within the bore of the gantry A. In particular, the tapered 
annular sidewal I defining the support ring 110 conforms 
10 to the mutually tapered sidewall defining the bore of the 
gantry to facilitate accurately and repeatably positioning 
the x-ray source 122 and the detector 126 relative to the 
patient couch 28 which is driven through the bore. Thus, 
with the support ring positioned in the bore, the patient 

IS couch 28 may be driven through the gantry and between 
the x-ray source 122 and the detector 126 which are po- 
sitioned immediately adjacent the rear of the gantry. 
[0039] Referring now to Figures 1 3 and 14, an alter- 
nate support ring 1 30 is suspended from the previously 

20 described overhead track system H for movement be- 
tween a stored position remote from the gantry and an 
operating position. The support ring 130 is secured to 
the cantilevered lower portion of the support arm 116 
which is suspended from the trolley 114. The support 

25 ring 1 30 has a diameter which substantially conforms to 
a diameter of an intermediate portion of a tapered side- 
wall defining the cylinder 10 within the gantry A. A plu- 
rality of tabs 132 extend radially from the support ring 
130. The tabs also extend at an angle from a plane of 

30 the support ring, which angle substantially defines the 
taper of the cylinder sidewall proximate the support ring, 
when positioned within the cylinder 1 0. The tabs 1 32 fa- 
cilitate accurately and repeatably positioning the sup- 
port ring at a desired operating position within the cylin- 

35 der 10. 

[0040] A platform 1 34 is secured to a lower portion of 
the support ring 1 30 and extends transverse to the sup- 
port ring 130. An amorphous silicon flat panel detector 
136 is secured to an upper surface of the platform 134. 

"^0 A fluoroscopic x-ray source or tube 138 is mounted to 
the rotating gantry portion C, and is angularly offset from 
the x-ray source B. The overhead track system G is ori- 
ented above the diagnostic scanner so that the support 
ring 130 can be positioned within the cylinder 10 from 
the rear of the gantry A so that the detector 1 36 is po- 
sitioned substantially beneath the x-ray source 138 with- 
in the patient examination region 12. When the support 
ring is fully positioned within the cylinder 10, the tabs 
132 contact the tapered sidewall defining the cylinder 

so 10 to accurately and repeatably position the detector 
136 relative to the x-ray source 138 and patient couch 
28. 

[0041] The diagnostic scanner incorporates an index- 
ing means for driving or rotating the low power x-ray 
ss source 138 to a predetermined position (e.g. a twelve 
o'clock position) substantially opposite to that of the de- 
tector 136 prior to initiating a fluoroscopic imaging pro- 
cedure. It should be appreciated that the x-ray source 
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1 38 may also be mounted to the non-rotating gantry por- 
tion A in a position either radially or axially offset from 
the x-ray source B mounted on the rotating gantry por- 
tion C. Alternatively, as shown in Figures 15 and 16, the 
support ring 130 may be used in conjunction with the x- 
ray source B mounted in the rotating gantry portion C. 
The x-ray source is operated in a reduced power, fluor- 
oscopic mode when positioned opposite to the fluoro- 
scopic detector 136. 

[0042] Referring now to Figures 17 and 1 8, a fluoro- 
assist device 150 for a diagnostic scanner includes an 
overhead track system, for example the track system as 
shown in Figures 3-11 , which supports a movable trolley 
1 52. A telescopic support arm 1 54 extends from the trol- 
ley 152. A lowermost free end of the support arm has a 
fluoroscopic x-ray source or tube assembly 1 56 pivotally 
secured thereto. An L-shaped image detector frame 158 
includes a first amorphous silicon flat panel detector 1 60 
mounted to a first leg of the frame, and includes a sec- 
ond amorphous silicon flat panel detector 162 mounted 
to a second leg of the frame. The first detector 160 ex- 
tends substantially transverse to the second detector 
162 

[0043] The first detector 160 is oriented horizontally 
between the patient beam 26 and the patient couch 28, 
while the second detector 162 extends substantially up- 
right from the patient beam 26 adjacent the patient 
couch 28. When fluoroscopic imaging in a corona! plane 
is desired, the trolley 152 and support arm 154 are ad- 
justed to position the x-ray source assembly 156 sub- 
stantially above the first detector 160, as shown in Fig- 
ure 17. 

[0044] Likewise, when fluoroscopic imaging in a sag- 
ittal plane is desired, the trolley 152 and support arm 
154 are adjusted to position the x-ray source assembly 
156 laterally across from the second detector 162, as 
shown in Figure 1 8. Operator graspable handles 1 64 as- 
sist in the accurate positioning and aiming of the x-ray 
source. 

[0045] The image detector frame 158 can also be 
used in conjunction with two discrete fluoroscopic x-ray 
sources, as shown in Figure 19. In particular, a first x- 
ray source 170 is fixedly mounted to the front of the gan- 
try A substantially above the first detector 160. Likewise, 
a second x-ray source 172 is mounted, movably or fix- 
edly, to the front of the gantry A substantially lateral from 
the second detector 1 62. In one mode, the x-ray sources 
170, 172 are used separately to generate fluoroscopic 
images in each of the coronal or sagittal planes. In an- 
other mode, the x-ray sources 170, 172 are used togeth- 
er to generate volumetric or 3D fluoroscopic images in 
a known manner. 

[0046] Referring to Figure 20, the fluoroscopy or 
fluoro-assist device D, as described above with refer- 
ence to Figs. 1 -6, can also be mounted to a mobile cart 
180. In addition, with reference to Figure 21, the fluor- 
oscopy or fluoro-assist device D can be mounted to an 
MRI device 200. The MRI device includes a frame 202 
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housing a main magnet 204 for generating a temporally 
constant main magnetic field through an examination re- 
gion 206. A series of gradient coils 208 in conjunction 
with gradient amplifiers (not shown) generate gradient 

5 magnetic fields across the examination region. The gra- 
dient amplifiers generate current pulses which result in 
corresponding gradient magnetic field pulses along the 
X-, y-, and z-axis for phase encoding, and read oil or 
frequency encoding. A radio frequency coil 210 and a 

10 radio frequency transmitter (not shown) generate RF ex- 
citation pulses for exciting magnetic resonance and in- 
version or other pulses for manipulating the magnetic 
resonance. 

[0047] The patient table 24 is positioned adjacent the 
15 MRI device so as to extend from the examination region 
206 in a first direction substantially along a central axis 
of a bore defining the examination region 206. The fluor- 
oscopy device D is secured to the frame 200 by the 
mounting structure E for movement between an operat- 
ic ing position as shown in Figure 21 , and a stored position. 
Alternatively, the fluoroscopy device can be suspended 
from the overhead track system G or H as described 
above. 

[0048] Although the fluoro-assist device of the 
25 present invention was described as providing fluoro- 
scopic images, the fluoro-assist device could, with in- 
creased power of the x-ray source, provide radiographic 
exposures in addition to fluoroscopic exposures. Fur- 
ther, the fluoro-assist device D, which incorporates an 
30 amorphous silicon flat panel image receptor, may also 
be mechanically coupled to other medical diagnostic im- 
aging systems such as a nuclear medicine scanner, etc. 
in the same manner as described above. Thus, the 
fluoro-assist device of the present invention can at least 
35 provide pilot scans for other diagnostic imaging proce- 
dures. In all the embodiments the diagnostic imaging 
procedures can of course be accompanied by interven- 
tional procedures. 

[0049] The fluoro-assist feature of the above de- 
40 scribed imaging devices has a number of advantages. 
One advantage is the provision of a fluoro-assist device 
for a GT scanner which is readily available when need- 
ed. Another advantage is the provision of a fluoro-assist 
device for a CT scanner which permits real-time imaging 
45 of minimally invasive tools (catheters, needles, etc.) that 
are inserted In a CT suite. Yet another advantage is the 
provision of a fluoro-assist device for a CT scanner 
where a inten/entionalist can work behind a flat panel 
image receptor which acts as a primary barrier to radi- 
so ation exposure. Still another advantage is the provision 
of a fluoro-assist device for a CT scanner which incor- 
porates a flat panel image detector 

ss Claims 

1. An imaging apparatus including a frame (A) defin- 
ing an examination region (12). an imaging subsys- 
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tern (B, 14) for generating a first image representa- 
tion of an object when the object is positioned within 
the exannination region, and a patient support (28) 
adapted for nnovement through the examination re- 
gion, the imaging apparatus further including: a s 
fluoroscopic imaging subsystem (D) mechanically 
coupled to the frame (A) and including a flat panel 
image receptor (74) which detects x-rays and gen- 
erates signals indicative of the detected x-rays; and 
an image reconstruction processor (18) for gener- io 
ating a substantially real time image representation 
from the signals generated by the flat panel image 
receptor (74). 

2. Imaging apparatus as claimed in claim 1 , further in- is 
eluding a C-arm (30) for supporting the flat panel 
image receptor (74). 

3. Imaging apparatus as claimed in claim 2, wherein: 

the flat panel image receptor (74) is offset from a 20 
plane of the C-arm (30) by a first cantilevered sup- 
port arm (38) which secures the flat panel image 
receptor to the C-arm; and further Including an x- 
ray source (32) which is offset from the plane of the 
C-arm by a second cantilevered support arm (34) 2S 
which secures the x-ray source to the C-arm. 

4. Imaging apparatus as claimed in claim 3, wherein 
a centreline (51) extending between the x-ray 
source (32) and the flat panel image receptor (74) 30 
passes through an orbital axis (G) of the C-amn. 

5. Imaging apparatus as claimed in any one of claims 
2 to 4, further including a mounting structure (E) for 
permitting the C-arm (30) to rotate about a geomet- 35 
ric centre thereof through an arc of at least 180°. 

6. Imaging apparatus as claimed in any one of claims 
2 to 5, further including a mounting structure (E) se- 
cured to the frame (A) for supporting the C-arm (30) 40 
in a stored position remote from the patient support 
(28) and an operating position proximate the patient 
support. 



1 to 7. wherein: the frame includes a stationary 
frame member (A) having a bore therethrough 
which defines the examination region (12), and a 
rotating frame member (C) rotatably supported by 
the stationary frame member (A) for rotation about 
the examination region (12); and the first imaging 
subsystem includes an x-ray source (B) for trans- 
mitting x-rays through the examination region, an 
arc of radiation detectors (14) for detecting x-rays 
which have traversed the examination region (12) 
and for generating signals indicative of the radiation 
detected, and an image reconstruction processor 
(18) for reconstructing an image representation 
from the signals generated by the arc of radiation 
detectors. 

9. Imaging apparatus as claimed in any one of claims 
1 to 8, wherein the flat panel image receptor (74) is 
mounted in a housing (72) having a first control pan- 
el (76a) proximate one end thereof and a second 
control panel (76b) proximate a second end thereof. 

10. Imaging apparatus as claimed in any one of claims 
1 to 9, wherein the first imaging subsystem is a CT 
scanner or MRI apparatus. 

11. A method of generating fluoroscopic projection Im- 
age representations using the imaging apparatus of 
any one of claims 1 to 10, including: moving the flat 
panel image receptor (74) from a stored position re- 
mote from the patient support to an operating posi- 
tion proximate the patient support; the flat panel im- 
age receptor (74) detecting x-rays generated by an 
x-ray source and generating signals indicative of 
the radiation detected when positioned in the oper- 
ating position; and reconstructing the fluoroscopic 
projection image representations from the signals 
generated by the flat panel image receptor. 



7. Imaging apparatus as claimed in claim 6, wherein 4S 
the mounting structure (E) includes: a support arm 
(42) having a longitudinal track (46) associated 
therewith; a first upright support arm (44) movably 
secured to the support arm (42) for substantial hor- 
izontal movement along the track; a second upright so 
support arm (48) movably secured to the first up- 
right support arm (44) for substantial vertical move- 
ment along a common longitudinal axis of the first 
and second upright support arms, the C-arm being 
(30) rotatably supported by the second upright sup- ss 
port arm. 



8. Imaging apparatus as claimed in any one of claims 
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(54) Apparatus for and method of imaging 

(57) A f ranne (A) of an imaging device such as a CT 
scanner or an MRI device has a bore defining a patient 
examination region (12). A first x-ray source (B) is 
mounted to a frame (C) for rotation around the exami- 
nation region (12). An arc of first radiation detectors (14) 
detects x-rays which have traversed the examination re- 
gion. A first image reconstruction processor (18) recon- 
structs a tomographic image representation from sig- 
nals generated by the first radiation detectors. A fluor- 
oscopy device (D) Is mechanically coupled to the diag- 
nostic scanner for generating and displaying at least 
substantially real-time fluoroscopic projection Image 
representations on a display monitor (78). A second x- 
ray source (32) transmits x-rays to an amorphous silicon 
flat panel radiation detector (36). A second image re- 
construction processor reconstructs the fluoroscopic 
projection image representations from signals generat- 
ed by the flat panel radiation detector (36). A C-arm (30) 
supports the second x-ray source (32) and the flat panel 
radiation detector (36) in a plane offset from a plane of 
the C-arm. A movable mounting structure (E) is me- 
chanically connected with the gantry (A) and the C-arm 
(30) to move the C-arm between a stored position and 
an operating position adjacent the bore. 




Printed by Jouve. 75001 PARIS (FR).. 



EP0 919 186 A3 



European Patent 
OHice 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 9226 



Category 



Y 
A 



A 
A 



DOCUMENTS CONSiDERED TO BE RELEVANT 



Citation of document with indication, where appropriate. 
of relevant passages 



PATENT ABSTRACTS OF JAPAN 

vol . 006, no, 038 (P-105), 

9 March 1982 (1982-03-09) 

& JP 56 155937 A (SHIMADZU CORP), 

2 December 1981 (1981-12-02) 

* abstract + 

US 5 448 610 A (YAMAMOTO KAZUO ET AL) 

5 September 1995 (1995-09-05) 

+ column 5, line 14 - column 9, line 30; 
table 1 * 

PATENT ABSTRACTS OF JAPAN 

vol . 1997, no. 06, 

30 June 1997 (1997-06-30) 

6 JP 09 045952 A (HITACHI LTD), 
14 February 1997 (1997-02-14) 

* abstract * 

US 5 661 772 A (BAER ULRICH ET AL) 

26 August 1997 (1997-08-26) 

* column 2, line 30 - column 3, line 35; 
tables 1-4 * 

PATENT ABSTRACTS OF JAPAN 

vol . 1996, no. 06, 

28 June 1996 (1996-06-28) 

& JP 08 052131 A (HITACHI MEDICAL CORP), 

27 February 1996 (1996-02-27) 

* abstract * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



2-6,11 



8,10,11 



11 

1,8,10 
1,10 



CLASSIFJCATiON OF THE 
APPLICATION (lf»t.Cl.6) 



A61B6/03 
A61B6/00 



TECHNICAL RELOS 
SEARCHED <lm.Cl.6) 



A61B 



Hi«c« ot t«afcn 

BERLIN 



Oat« ot comptotMn ol Maicfi 

10 February 2000 



Exwrancr 

Welhs, J 



CATEGORY OF CITED DOCUMENTS 

panicularly rotovant if tdkan alon« 
particularly rfrl«van1 if combined with another 
document of tne same csuegory 
techno »oglcaJ t>act(groLin<l 
: non-¥vntten disclosura 
(ntermediate dooumant 



T : theory or principlo unoertying the invention 
e ; earlier patent doctiment. but published on. or 
'li.'^x afi«nhe Wing tiate 

D : document ated in tr>« application 
L : document died for other reasons 

& ; member of the same patent family, correeponding 
document 



2. 



EP 0 919 186 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 9226 



This annex lists the patent family members relating to the patent documerts cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way Bable for these particulars which are merely given for the purpose of information. 

10-02-2000 



Patent document 
cited in search report 


Publicatjon 
date 


Patent family 
membensj 


Publication 
date 


JP 56155937 


A 


02-12-1981 


NONE 








US 5448610 


A 


05-09-1995 


JP 


6233752 


A 


23-08-1994 








JP 


6269437 


A 


27-09-1994 


JP 09045952 


A 


14-02-1997 


NOME 








US 5661772 


A 


26-08-1997 


OE 


19711499 


A 


06-11-1997 








DE 


29723751 


U 


04-02-1999 








JP 


2908374 


B 


21-06-1999 








JP 


10005211 


A 


13-01-1998 


JP 08052131 


A 


27-02-1996 


NONE 









1 

p 

uj For more details about this annoK : see Official Journal of the European Patent Office. No. 12/82 



3 




r 



